Thirty mungbean Vigna radiata (L. Wilczek) with different genotypes were evaluated at two locations of North West Frontier Province (NWFP) of Pakistan during 2007 and 2008 using randomized complete block design with three replications. Highly significant differences (P ≤ 0.01) were observed among the genotypes for vegetative and maturity traits across years at both locations as well as across years and locations. Location × year effect was highly significant (P ≤ 0.01) for days to flowering, plant height and nodes plant -1
INTRODUCTION
Mungbean (Vigna radiata (L.) Wilczek) is an important pulse crop of Asia and is widely grown in India, Bangladesh, Sri Lanka, Thailand and Pakistan. It is also known as the crop of sub-continent and up to three crops per year can be grown (Malik, 1994) . In Pakistan, it is grown as a supplemental and cash crop on 208.5 thousand hectares with an average yield of 546 kg ha -1
. Maximum average yield of 646 kg ha -1 from an area of 9.9 thousand hectare was obtained in the North West Frontier Province (NWFP) of Pakistan due to the suitability and proper adaptation of mungbean to the agro-climatic conditions of NWFP (MINFAL, 2006) . The average yield of mungbean is low due to its indeterminate growth habit, late and nonsynchronous maturity, lodging, pod shattering and severe losses due to insect pests (Fernandez and Shanmugasundaram, 1988) . Diversifying the limited genetic variability for traits of interest and developing new mungbean cultivars are demand of the era. In order to increase yield per hectare, new cultivars must be developed with outstanding performance and uniform maturity. The knowledge of genetic variation and heritability of agronomic traits and their interrelationship helps in understanding yield components and yield potential in mungbean.
Assessment of genetic variation is the most appropriate statistical tool to find out the magnitude of heritability, genetic coefficient of variation and response to selection using appropriate selection intensity for traits of interest. Makeen et al. (2007) evaluated twenty mungbean genotypes to estimate genetic variability, heritability and genetic advance for quantitative characters and reported highly significant differences for all traits with greater magnitude of heritability for plant height and test weight. Similarly, Siddique et al. (2006) reported highly significant genetic variation for days to flowering, maturity, pods plant -1 , and grain yield among eight mungbean genotypes. Rohman et al. (2003) reported that plant height and days to flowering were mostly governed by additive genes effects. Sriphadet et al. (2005) reported 89.9, 98.9, 93.7 and 93.2% heritability for leaves number plant -1 , seed hardness, pod length, and pod width, respectively. Seed yield is reported to be positively correlated with traits like days to flowering, plant height, branches plant , and pod length. Malik (1994) have reported positive correlation of number of pods and branches plant -1 with seed yield. Similarly, Khan et al. (2001) reported strong association among branches plant , harvest index and 1000 seed weight is reported by Celal (2004) .
The objectives of this study were to determine the genetic variation, heritabilities and selection response for important agronomic traits of mungbean at two locations of NWFP, Pakistan.
MATERIALS AND METHODS
Thirty mungbean genotypes including three check cultivars (NM-92, NM-98 and Ramzan) obtained from the Nuclear Institute for Food and Agriculture (NIFA), Peshawar were evaluated for two years (2007 and 2008) 
Based on soil analysis results, NPK @ 60:110:50 kg ha
and Zinc sulfate 23% @ 25 kg ha containing 32.9 W/W actual ingredients of Endosulphan was sprayed to control insects like shoot fly, thrips and bugs before bud initiation. Weeds were controlled manually at both locations.
Parameters studied: Data were recorded on the following traits at both locations.
Days to flowering
Days to flowering for each genotype were recorded from the date of planting to the appearance of 50% flowers in each plot in a replication.
Days to maturity
To screen the early and late maturing mungbean genotypes, data on days to maturity was recorded when pods in 90% plants turned black in a plot.
Plant height
Plant height was measured with the help of a meter rod in centimeter from ground level to the node of the plant with trifoliate leaf on ten randomly selected plants.
Number of leaves plant -1
Number of leaves were counted from first trifoliate leaf to the topmost trifoliate leaf on the ten randomly selected plants in a plot.
Number of nodes plant -1
Number of nodes were counted from first node bearing trifoliate leaf to the point from which the plant starts bearing pod cluster.
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Leaf area of leaves at 6 th node position was calculated as average length × average width × 0.75. Average leaf length and width was determined from 10 randomly selected leaves.
Statistical Analysis
The two years data obtained at each location were statistically analyzed using appropriate model for randomized complete block design as proposed by Annicchiarico (2002) . Genotypic, genotype-by-year and error variances for the traits were worked out from the analysis of variance across two years under each location to determine broad-sense heritability using the following formula of Rowe and Brink (1993) . h 2 BS where V g = Genetic variance V gy = Genotype-by-year variance V e = Error variance V p = Phenotypic variance Selection response (R e ) for a trait at each location was predicted as, R e = i X  PX h 2 X Where, i X = selection intensity h 2 X = heritability for trait x, and  PX = square root of the phenotypic variance of a trait. A similar selection intensity of 20% was used in predicting the selection responses at both locations (Falconer and Mackay, 1996; Atlin and Frey, 1989) .
RESULTS AND DISCUSSION
The analysis of variance across years and locations exhibited highly significant (P ≤ 0.01) genetic variation among mungbean genotypes for days to flowering, maturity, plant height, leaves plant -1 , nodes plant -1 and leaf area (Table 3) . NS= Non significant, ** = Significant at 1% probability level.
The two test locations differed significantly (P ≤ 0.01) for days to flowering and leaves plant -1 only. Similarly, differences among the two years were highly significant (P ≤ 0.01) for days to flowering, plant height, and leaves plant (P ≤ 0.01). Genotype-by-year (G×Y) interaction effect was nonsignificant for all the traits except nodes plant -1
. As expected, genotype-by-location (G×L) interaction effect was highly significant (P ≤ 0.01) for days to flowering, maturity, plant height and leaf area. This indicates differential performance of mungbean genotypes for these traits at the two test locations (Peshawar and Swat). Genotype-by-location-by-year (G×L×Y) interaction effect was non-significant for most of the traits except leaves and nodes plant -1 . Significant genetic variation for morphological traits like days to flowering, maturity and plant height is also reported by Rozina et al. (2008) in mungbean. Similarly, Siddique et al. (2006) and Rohman et al. (2003) have also observed significant genetic diversity for agronomic traits in mungbean.
Days to flowering of mungbean genotypes ranged from 41.6 to 50.3 at Peshawar vs. 44.2 to 57.0 at Swat (Table 4 ). About 83% of the mungbean genotypes reached the flowering stage at Swat later than Peshawar. Averaged over 30 mungbean genotypes, days to flowering at Peshawar and Swat were 47.2 and 50.5, respectively. Maximum difference of nine days to flowering was observed for check cultivar Ramzan followed by NFM-5-63-10 (6.5 days) at Swat. NFM-5-63-4 reached flowering stage by 2.1 days earlier at Swat than Peshawar. Averaged across years and locations minimum days to flowering were recorded for NFM-7-13 (43.5) followed by NFM-8-1 (44.3 days) and NFM-8-22 (45.8 days) while maximum days of 53.3 to flowering were taken by genotype NFM-14-5 followed by genotype NFM-5-63-13 and check cultivar Ramzan each taking 52.2 days. Maximum plant height of 74.9 cm was attained by genotype NFM-11-3 followed by NFM-12-8 (71.7 cm), NFM-5-63-4 (66.4 cm) and NFM-14-5 (63.8 cm). Genotype NFM-8-1 had shortest stature measuring 38.5 cm only. Plant height was reduced in 63% of the mungbean genotypes at Swat compared to Peshawar (Table 4) . Maximum height reduction of 41.7 cm was recorded for genotype NFM-5-63-4 followed by cultivar Ramzan (12.0 cm).
Averaged over two years and locations, the early maturing genotype was NFM-8-1 with average days to maturity of 78.3 followed by NFM-7-13 (Table 4) . In contrast, NFM-12-8 (90.5 days), NFM-12-3 (90.0 days) and NFM-11-3 (89.4days) were late maturing genotypes. Due to shorter plant stature, genotype NFM-8-1 matured earlier than taller genotypes. Similarly, NFM-12-8 was one of the taller genotypes which matured later due to its prolonged vegetative phase. Of thirty mungbean genotypes, 60% took less days to maturity at Swat than Peshawar.
Maximum number of 9.9 leaves plant -1 were recorded each for genotypes NFM-5-63-4, NFM-11-3 and NFM-12-8 followed by NFM-12-6 and NFM-12-3 with average leaves of 9.1 and 8.9, respectively (Table 5 ). Least number of 7.4 leaves plant at Swat than Peshawar. was recorded for genotype NFM-5-63-4 followed by NFM-12-8 (11.9 nodes plant -1 ) and ). Genotype NFM-5-63-35 had minimum number of nodes (9.2). About 27% of the genotypes had more number of nodes at Swat than Peshawar (Table 5) . Maximum leaf area of 241.2 cm 2 was recorded for genotype NFM-5-63-4 followed by NFM-14-5 (220.6 cm 2 ), ) and NFM-12-3 (217.0 cm 2 ). Genotype NFM-13-1 had the lowest leaf area of 153.0 cm 2 . About 77% of the genotypes had more leaf area at Swat than Peshawar due to high rainfall and low temperature which enhanced mungbean growth at Swat (Table 5) .
Genetic, genetic × year and environmental variances, estimates of heritability and response to selection for the traits are given in Table 6 . Genetic variances for days to flowering, maturity, plant height, leaves plant and leaf area were 4. 0, 14.1, 105.8, 0.6, 0.5 and 437.5 at Peshawar vs 8.9, 11.0, 89.8, 0.2, 0.3 and 323.0 at Swat, respectively. Thus genetic variances for all the traits were relatively higher at Peshawar than Swat except for days to flowering. The genetic variances for days to maturity, plant height, leaves, nodes and leaf area were 1.3, 1.2, 3.0, 1.7 and 1.4 times greater at Peshawar than Swat, respectively. Similarly, the genetic variance for days to flowering was 0.6 and 0.4 times greater than the error variance at Peshawar and Swat, respectively. Similarly genetic variance for days to maturity was 1.0 and 0.5 times greater than error variance at Peshawar and Swat, respectively. Genetic variance for plant height was 1.4 and 1.7 times greater than error variance at Peshawar and Swat, respectively, and the genetic × year variance were negligible for plant height at both locations. For leaves plant -1 the error variance at both locations was relatively larger than the genetic variance, while genetic variance was 1.2 and 1.8 times greater than the genetic × year variance. Genetic variance for leaf area was 0.3 and 0.2 times less than the error variance at Peshawar and Swat respectively, but genetic variance was 2.8 times greater than the genetic × year variance at Peshawar. These results are in accordance with Idress et al. (2006) who reported varying magnitudes of genetic and environmental variances in a set of mungbean mutants.
Broad sense heritabilities for days to flowering, maturity, plant height, leaves plant 37, respectively at Swat. Thus magnitude of heritabilities for all traits at Peshawar was higher than Swat except plant height. Greater heritability estimates for most of the agronomic traits revealed that these traits are governed by additive genes. Plant height was the least affected trait across year at both locations followed by days to maturity and leaves plant -1 at Peshawar only. Broad sense heritability for plant height was high in magnitude both at Peshawar (0.81) and Swat (0.84) suggesting greater possibility of genetic improvement in this important trait. Makeen et al. (2007) and Sriphadet et al. (2005) have also reported moderate to high heritability for various morphological traits in mungbean. Due to high heritability estimates, the traits are expected to remain stable under varied environmental conditions encountered in NWFP and could easily be improved through selection (Khattak et al., 1997; Siddique et al., 2006 , respectively at Swat. Thus, selection response was greater for all traits at Peshawar than Swat.
CONCLUSIONS
Highly significant genetic differences were observed among mungbean genotypes for agronomic traits across years and locations. Genotype × year and genotype × year × location interaction were non-significant for days to flowering, maturity, plant height, and leaf area. High heritabilities for plant height at both locations, maturity and leaves plant controlling by additive genes and will positively respond to phenotypic selection (Sheeba et al., 2003) .
